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^ (57) Abstract: In an exposure apparatus, an exposure of a substrate (P) is carried out by filling at least a portion of the space between 
S a Projection optical system (PL) and the substrate (P) with a liquid (50) and projecting the image of a pattern onto the substrate (P) 
O throu £ h lhe projection optical system (PL). An optical element (60) and a lens-barrel (PK), which arc in contact with the liquid (50) 
(S| when the substrate (P) is moved, are subjected to a surface treatment for adjusting the affinity with the liquid (50). Consequently, 
^ formation of air bubbles in the liquid between the projection optical system and the substrate is suppressed and the liquid is always 



held between the projection optical system and the substrate, thereby creating a good immersion state. 



WO 2004/053956 Al 1 IIH1III II 1HHI llill DUE I1D1 lill I y Dl IHII IHil IIIII lllil 1111 IIIIIII IIII 111! IIII 



/<ftt* (AT, BE, BG, CH, CY, CZ, DE. DK, EE, ES. FI. 2 X*=J— Katf<fe<&B8BlC3l*-CIS. SWIgfrSftS 

FR, GB, GR, HU, IE. IT, LU, MC, NL, PT, RO. SE. SI, SK, «-/>CT**-fe* V V <D#H K J8K ? & r d — K £: B§il 

TR), OAPI Pittt (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, ©*V?>Xy-hJ £#BB. 
GW, ML, MR, NE, SN. TD. TG). 



WO 2004/053956 

PCT/JP2003/015735 



«mi:J: 9 Tl»Lfe;^ - :*TB*r v***^ Mtf 

- v*mto»m L*tfs> ?x * ©a* LTmmz&^-tz 

24 8nm1rfe§^ »Z*£fc*©A r Fi+> v u— ff© ! 93nmt) ^ 1b 

?tioofe5 0 mx%'rfz>miz\t, mmmtmmzm&mjg: (dof) t 

R = k , ■ A/NA — (1 ) 

<5 = ±k 2 - A/NA 2 ... ( 2 ) 



1 



WO 2004/053956 



PCT/JP2003/015735 



m&mm 6tm<teK>&g2>£, &&%^*(»®m\zn LTmmmm^^ 

9/4 9 5 0 4^m%lzm^£tlTl^fem£t>mm$tiTl^o ZCD 
Y&te*T'(Dmytft(D}&mbK &m.*(D 1 / n ( n (i^CDJl^Trilt 1.2- 

tf*>n%-?%m&. mzft^v&mzMLTmwmmTz^m i &w$>*), & 

*»W tt z (D «fc a r&?tifet0TifeoT, &f£3fe3*m ^ t 

1 (DB«lw(£;i.lSx 't* ->©&£>$# (5 0) ^LtSI 
(P) ±l;ite^LT:»E«:B&-raB*teMT&oT : 
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buIBm-* - ><DH*&RlZ&m-*Z>t9LKi!t¥& (PL) &«x. N 

mm&vt¥& (pl) (Dtmrnt*. ( 5 0 ) asu* (eo, pk)i*, 
»#(50) fc©a«ittfciim*-5fc«>iz*ii*!is*tiTiNsa3tsis (ex) 

tomzmfttstiZo 

*§&BM(Dm2(DmmiZVtz_l£, (50) ^LTSIS 

(P) ±!^LTSlS^l^t5I^l7feoT : 
HfrlB^^->flD«l*S4KI3tftjK-rStfi:K^^ (PL) 4fitx. N 

HuiE^^m (pl) t\ ^(D9tt^(D%^m=F (60) «®£^<&ki 1 mm 
mm. ( a r 1 ) sbi mm^m (ard js£<DS&2si®si*sg car 2) t£ 

»1 SSffifW* (A R 1 ) flDJUft: (5 0) lZtt~t i^P^tf. ff.2$fiffiJ* (A 
R 2 ) (50) Kl*tt-*SRfnt$cfc 0 fcffiugftgtt (EX) A%tt*tiSo 
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*»WO»3(Dtt«CfleAtt % B3fetf-A (EL) W -> MU 

(5 0) *^LT«E (P) ±l3*WLTT«R*«^*||3fc« 

ti^W*->CDl&*&mz&&'tZ&&ftS£%k (PL) t ; 

s**te** (pl) ( p ) fc©mjcD'j>& < ( 5 0 ) -eat 

fer*aM»« (K 2) fc ; **** 

# (5 0) ©»tlO>«ftv x ft* (5 0) ©Mft Px ^ (5 0) (Dttteflt 
tkft^tLT, *ff3 (v • d • p) /MS2 0O0^imTU5S3tgl 
(EX) *<*ttta*i3o 

(p) t©nBoa>ft<fcfb^fz*# 3WWStlft |^ tB ^ a 3 k| , <fc0 ^ 

**W©»4©»*f^itt N Bfcfcf-A (EL) -C'VX* (M) ©7t*-> 
tMLs'/f*-XDtt«# (5 0) fc*LT*« (P) ±(M*Lr«R* 

m&w->(Dmzgmiz&!!&Tz&&x3tm ( PL) h ; 

(PL) tmVi (P) fc©M©il>fe<i:feH»*ai*-ffl||fc^» 

0»»tta (K 2) t-.zmtL, 

(so) (P) ammxmtwfizmntk-DTmtizmjtxw: 
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(ex) wimztiZo 

teft&gfao^&ftfatw-mzmmttevTfaftzcDT^ mBLizmzztiz/i* 

**^©JI5©tt«l3tj56x.«. S&fcf-A (EL) T/^->WL, yf* 
(5 0) ^^UTlffi (P) ±C6?LTJW*«3fet*Bjai 

*W3^^->a>«*«g(3W<"*ia«^* (pl) t ; 

S« ( P ) ±(D*li*f* (50) Sftttr 3 ft»3g« ( 1 N 2) t. ; 

fcmmw ( K 2 ) &$t|8p-r§#Jgpg!g ( C O N T ) h ; 

I*«P^S ( C 0 N T ) It. ( P ) (Om^tzmW (50) ©#ttS##jt 

^ti^ai^s^ (k 2) *vmirz>m%mw. (ex) *<««amso 
*%*%\z±ti\t. m&&mwmfa<Dmft*izmte<Dmi&&ftt>%:i\j:5izmffl 

3£ LTmm&ttmizmfti; $ 5 e 

*«W(D»6©«HitfjieiLtf % ftjBft^* (PL) l;:«fc*/t*--><Dfcfc»fi 
(P) ±»3jft»LTa«R (P) *«3fr««3te*as(3*^T: 
HftHul^ a® (P) *#(50) t(D$IfP«t4^:DIS1-5,fctolza 

&&ytm*k (PL) ( P ) £(DM<D'J>tk < »fejftf* ( 5 0 ) -eat 
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/t* mW (5 0) *^Lra«R (P) ±lZ&&TZZ£.k&'£t; 

0 2 li. X^RlflsIiR y x;ucDiBS^J^^-rigiT$. i) c 
HI 3 fix X^atflalJRy X;U(DiBg^J$:^-rillTrfe5)o 

in 5 (a) ~ (c) li. *®tes*<iKi**iTtx&uia:ig3t^mtaait(DnBiz 

El 6 (a) ~ (c) ld\ «ffi*aaA<k**i7fe*ft»3t^i:a«Et©nBt>«fls^ 

HI 7 li % *«B^fl!)f|ji©*]SfiB«84ltt?sr 5fe«>0)En!fe S o 

H8 (a) JkV (b) tt % #t^^ X)V(D<{&(Dnim\*^-fm-Z&%o 

0 9 i* N at5±i3ifti^- e> tifc* a*- a* ^ x £^-r iTfe ?> o 

EI1 0I±, ijtiftf/W^CKliKD-ftlftSt^D-^f- hE-C&5o 
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3W*a»***p Lt v imEx±^i^tffimt««imkic o 

^->*Jt«pf3B*-r*«aai**ii (w«x**=>^y v /o «m 

txtts^ zift^-fSj^irYiifis-fajtMfe^ifi] cm 

ffi^fpj) 4Yi^m, gsfc, X*k Yfciu atfZ**fct?^l$I***i**i. 
©X. 0Y, StreZ^f^]i:^i»o rgffij |*iMStt^M± 

M^feEL£||&7J-£>=)>7=>-y-b>X. 'J U-b>X2&> B^ E L £ Y 
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>7fr*>ttih$ti2>mH.m<Dmi& (g*£, hm. ii) MKrFi+v7l,- 
*f% (M248nm) m<DM.m^% (DUV^) ^ v A r Fx+v? U— if^fe 
9 3 nm) SU f F 2 U-"tf3fe (sft* 1 5 7 nm) *(D*S3Bt*Ufc (V U 

<D%MkX\zmW.t*Wmft, t-fet>^X Y^F®|*lT:2^7L^»"5I^U r e Z^-[S] 

yffilbMMS T Dl3J;»9ffi«i**LSo ?^^7f-^ffi!i§fiM S T Dlifftjffl! 
gfCONTCJ: 0$ijmi^tl2)o T^X^-^'M S J ±<D T3.£ MOD 2 2fc5u*" 

JK^Ii&JiaMtx mZl£XT>\s* (S U S 4 0 3 ) Tr^fiE^tLfc^WP 
M*tiTU5 0 *H*£JBJI8lCfcL\Ts ^M^PLIi, »»W/8J!)^Jx.li1 

*K (t^IT?) 6 0 3&«Klt6*iTU5o ZCDift^m^e OltWimP KlZttLTM 
«t orill3»l^6*fCt^o JSa&^* P L ©ftdtt& 7 li. &^§r?6 0 
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^Lt^nZ7f-v5 1 hx Z7f-v5 1 ^nXY7f-v5 
2hx XY7f-v5 2^n<-7 5 3 fc&flix.Tl*So IffiXf-vP 
S TliU^y^-^^caSX^-vSElb^SP STDlCetOiElb^tLSo S*£ 
*^-v*EIb3S«P S T DlitfJWMCON Tl£«fc0*J»P£*i£o Z7f->5 

fcltStiffi (7*-±*tiLW.) x ZfctfeXx 0Y*-|SBlZ*lt*(ft«*«1W»**L5o 
gifcx XY7f-v5 24ffi«j-i-S^hlw«k O N S^PCDX Y^falZfctfS&S 
(»^WPL<DltBiii:l«l«*il3W3fc*^a>ift*) jb%"J$P£ft£o ^ 

S^f-vP S T (ZXx->5 1 ) ±ll(i. S&^-vP S Tthtl: 
JS^3fe^P LC*tLT*»rft*lWI5 4*<Klt6tiTL^ 0 ££x «M«5 
4l3**|qjr%(i11l3l4U-if : F^tf 5 5#RW-&ftTl*S 0 SI5X^-S>'PST 
±(Dm& PCD 2 KttfaCDtiLW.. »tfHWEA!i U -if^ft 5 5 £ J: 9 'J T 7 ^* 
-f A-Ctf3»**lx tfaHtt*l**"JW««C O N T India* *i*o fiJiP^SC O N T 
(4U--tf^F)$tt5 5©W-«tt*t«-3^TaHE*^-S;BttmP S T D £Sl£lb 
t^ItTM^T-vP S TI«}***iTt^aiffiPa)fitil»i6*fT-5o 

7^M©;^->©«41«p±i:(£?li:i^IBI±x aKEP©Mifclfcl&3fe3* 
iRPL(D5t«iaJ7fca)IIBlz»r*©*i*5 0A«»fc**ifto ±i£ LfcJ; ? Clx 
%&Jh P L ©^$3 7 fcli^*-? 6 0 Zt^fltffi P K ©— «We«S*lT £ 0 x 
*ft5 0li)fe^ (#5;*gp#) 60t, ^ (SJMtt) PKfcl3j»ttr*o 
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tt (9^> h*. ill) StfKr Fi*vx>b-tf* (26*2 4 8 nm) «aa 

(duv*) tLm, cio«3t3feEL*aa«riBTa&<b 0 

S*SC E X It, P L <D**fi|l 7 P fc<DM®2 M 5 6 K^ff* 

©*f*5 0^t5^gf (jftOttft. ftlftttB) 1 fc, 3HB5 6®» 
*5 0 4HM1-«tt*EIJKttB (ttftltt. ialifiM) 2fc**jLTU3. 

*TU*. *#HiRII«2l3ttHJft«6©-«Wi*q«i d n. E)Jft«6a>flb«* 

6 £^ LTffiM 5 6 0»* 50^ QJRr 3 . gM 5 6 13^ 5 0 **fc*-jft % $j 
»«CONTtt»*0«ftmi ftUftU ««»3avtt|fty x;U4*^Lt 

iJX^S 2 £S£Ki L . HHIX y 5 A mJKtt 6 L-C*{JMH||i fc o msts© 
tt#50»n56J:9ElJRr«. 3*iCJ:0, fe^PL©^i7ti 

« p tvmcD^m 5 e 5 o tmmzMo 

l=«VTf*»r*©tm«iLr. XY^-S?5 2*^LT««P*c+ 
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X)IA (4 A~4C) fc. m&5 0*®i&-tZ®tosX)\,S (5 A. 5 B) hCD 
fiHtH«*5*rBn?&*. EI2ICfeUT. 5fc3i§gP7 (3fe^6O©^i6 0 
A) <DJB«ttY«|*Iftt|B*Uj©B«^«ioTfe'J, ««3fe^3RPL(D$t*IWB7 
* X ttS-rRllZtfet? «t a Klx + X ^IqJfgiJIZ 3 / XJU 4 A ~ 4 C *<BB«* tls 

-X^fl8^2o(D|3iiRy XJU5 A, 5 B#IB£«**lTU5o ?LT, ft^;x 
;U4 A-4 Clitt|g§3 ^^LtitM^S 1 iz&mzti. IsJJ|X y XJU 5 A x 
5BttlHl««4*^LT*i*:|gj|8Sfe«2lSj«SE**iTt^. 1&I&/XJU4 
A ~ 4 C i: IhJiR y X^ 5 A N 5 B ii fc^SSSlJ 7 <D*,btzM LTIfc 1 8 0° Efe 
Lfe&MlZl. eHS/X^8A-8Ctv lsliR^X;U9A. 9 B h#§BS£ tiTU 
5o tt«S/X^4 A~4C£H|i|R/XJU9 A, 9 B h(4 Y$*^tS]l3:^Sl3SB?iJ^ 
*U A~8ChHli|Xy XJU5 A. 5 BhliYtt^rRllc^SlZgB^J^ 

ft, ttttyX;U8A~8Clittl&«1 0*^L-C»<Wtt^S«1lz»tt*n. la] 
1&/X;U9A, 9B(4lsliRtt1 1 &^LT»ft:|H]iRS«2l3»<«#*i-CUSo / 

HI3l^-rj;ai3. ^5i^P7^^A,TfY$ft^lS]»JcD^n- : g ( tLi;^y 
X^3U 3 2X^011X^X^3 3, 3 4 £i£l*£> dhfcTrt S 0 

IrI) ^ffi*Mi:6l»Tts »»3t^»PLta&KPfc©|BlZ»#:5 0*ft3tL 

MZIZO 2 ttCD y XJUT^f* 5 0 <D#tt£X(£@ifcfefT5 cfc z> IZ IT «fc U 0 
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*^PL©$t««P7ti4x fetes o £<Dmmmzmtfemwmmwi&<**i-c^ 

h% {Zmb 5 Ofc«ttrt-SSM3>-C&o.T\ ^I^eOCDTieOAMilP 
KT®©— a3fc#fct5H&3fc5*#P L©T®7 A. &U t Z.flDTlS7 Al3»fi6r?>«t 
WPK(D— gB<Dffi®7 B**5t? 0 **teJBIBtfc^Ts »tt5 OlijjorfefcfctfK 

*ft»3fe^P L ©States 7 U:a3l*T\ ^^6 00^® (TS) 6 0 AM 

««p K©T®©-aj©«t#fc*t?sn mmmmA ru^ :©^hi^a 
r 1 mm-c&vzmffip K<DTm<omf>a>mm.xmmp K<Dmm*^£m2m 
w$mAR 2 tit, m^zmtezmwmmtfmzti-c^Zo Kwmzit. mim 
mm® a r i <om¥ (*) 5 ou:fcf-r*swQi±jb<. h2iima r2©m 
(7k) 5 o izn-t^mm^ o % < &5 «k -5 ic^ m k 02 &®$ftt a r k a 

R 2©*ft*ftl3#LT*®*&3^*Jh/ru& 0 CLdTrte. 6 0^f 

$2^i^AR 2izttLT\*&m&*tt-$-tzmmtmm (»zMb«i3) &m 

{*©£©*£ ivKTfcSTcto. 3fefi?6 0*t^1SS^A R 1 dttTS 
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®>m*'x£\sTmm (o 2 ) ^m^Ty^x^mm-t^o^^x^mm^m-t 

»1«Efc#AR 1 lZ0H&te^&(DJz£l\ttm&%ftr>tz1bCD&m.Wlzm 
m.£i£ZfiB>mbm£ U». &StifttA R 1 it. rt^X&tt-C&ZVtm 

^ u^t^^mtoy^rti^tuzmtj: 2><fa'g-Z:mm*WzJ&-?Z fc ^ N H& 5, 
^®MS^:ff-5 3h*^$2)o t.^5A,, g1 ^®^A R 1 (DiS^X^mRlf 

&m%mcD^ti?tiizttLTmtmwmm*MLi:$,j:i\ 0 g=£ N mmzmmt 

—15. mmP KtIStt«2IIfjtA R 2 izM LTi*m7Mbt!mt><M$ *i 
So ^2M^A R 2lzHTZ>&7kittBmt llx 0!i;if£";7 «/fi!£^£4§1£CD 

Tjg7M±£tt-^-£ 0 &£>lMi. M^^i: LTEH^'y-fbM^ (CF 4 ) 

t75> x ^s-r § c f « r^x^mmzm-t z t \z± orit7.M££tt#ij- * c 

**jt^«rt?f*s 3«p©oth;:*.x ^5 o ii<Dmmmz^t>-it-cm. 
wt&mftfazti'c^Zo zzmt. m&pcom-mizMLT®.*<mmtfmi*tiT 
us,, m&piztt-?z®,7kimmiiisTiz. ±&u£cfcofcm(£T^=i-^fc 
t'®&(D*gi\ttmm(D'tomT-mmzmj£Tzz t-cmzpammizHLTM 

t&fe&tt J 5--f%o &*>\ I^PfD^SfcT^UD-^fc^M^LTflS^lLTc 
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£tz, ^m^eoizmm^ti^mmit. imel©m±i:ei 
©jnffta^ e l &&M^&temmzm&$ tis 0 

pg©^Ei£ouTi&B#r?>o 

-VP S Tlin- K#*i.fc€>* MiflStCON T ttift^lftm 1 fclESbU £ 
PI5 6W5iS#^afnS3>St5c JM*<£te«1 li22M 5 6 lift UTS 
tRP©»tt^rfiU35eoT»{*5 0^t§ o fclilli* *EPXa (Ei2#*i) T 

>»**#**&&« 1 »tr»f*isiiRtK« 2 j: 9 aw* 5 0 ©flsig&tf muxa^ *>*is o 

A~4C) ^^LT>«**#t|&^S1 *^6»#5 OWmPLtSSPfcO 
F^l::#t$a£*i£.££: ! kK:> (5 A. 5B) , IeUR© 6 

»f*5 0*^f*!sWX^m2IIiHli)X*tl. U>X6 0 tmR P t&ffi&Mfc-? «fc ? 
II-X^|qJli»f*5 0*<3Stt5o — ^EPX bT-^t-^S^fo] ( + X#IrJ) II 

aSP4»tt*"&T^aa^3fe^-5*^i3(i s o, t^;x;i,8A-8 

C N EWxtM 1 x yRLFHHK ^ X)l> 9 A N 9 B^UTs >£f*f£*&^S1 Stfifcf* 
Is)iKglg2lz:J;i9)fcf*5 0<D«tt»tfE|iRiJ«?T*)ti*o ■*-&*>•& x »tRP#+X 

^[pji^Hi-rsi^iciiix i^ii o&tmts^x^s (8a~so ^br^ 

II, EJiRyXA^ (9 A. 9B) v RtfEMXtf 1 1 LT>$f* 5 0 *<J*f*|5]iR 
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«2fcm*T*fiP©fMft*ftfc»oTaM*5 O&fltTo d£D^ s 0!)x.liJftfl5 
ilSgil X;U4£^LT<&&£*i£>>${*5 OliStSPro-X^fa-s 

©»fti:ftoTSII!l5 6l33lt&3;tl£J;ai;:UT;Ttft£>©T. »tt&te£B1 

^S^Ir]I^DT^5 0 4SKr*fRl*ii)!J»3»^S^tl3«fc"?H +X2TIr)s Xli 

;tDh§s &j&ytmmp LvmzPizmw&mwmzti-c^te^m&iz'D^-c 

El 5 (a) l««E^-2/*PST*M»±UTL\S«IB^riaT?feSo »ft5 

5 o tm&p tte%m&tm^titb, &a&nei**.gi\ e ms (b) iig*5P# 
5 oii^tt-r*K«EPtgiosii6ns«td tuT^rso »f*5 0 taaspt 
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